The disposal of surplus cheese whey, a food manufacturing waste, is a major problem. Although cheese whey is an edible product, the amount of whey utilized as human food or animal feed has been very small, and a surplus of unused whey remains.
Surplus whey is often simply deposited on the ground, where it may kill plant growth or cause problems with odor or even pollution. Whey has a very high biochemical oxygen demand (BOD), which is usually in the range of 38,000 to 46,000 ppm, compared with an average BOD for domestic sewage of about 200 ppm (6) . The high BOD of whey is a result of its high content of organic solid (6.3%) which consists of 4.9% lactose, 0.3% fat, 0.9% nitrogenous compounds, and 0.2% lactic acid (5 The purpose of this study was to investigate the suitability of cheese whey as a substrate for vitamin B12 production by Propionibacterium shermanii. Although the use of whey as a substrate for vitamin B12 production has not been reported, lactic acid, obtained from the fermentation of whey by Lactobacillus casei, has been used as a carbon source for vitamin B12 production by P. freudenreichii and P. shermanii (Hargrove and Leviton, U.S. Patent 2,715,602).
In 1959, Porges (4) suggested that whey may serve as a direct substrate for vitamin B12 production by organisms capable of using lactose. Since P. shermanii is capable of using lactose directly, prior conversion of the lactose to lactic acid is not necessary.
MATERIALS AND METHODS
Dried whey, the substrate, was reconstituted with distilled water. Yeast extract (Difco) was used to 353 Vol. 14, No. 3 BULLERMAN AND BERRY supply growth-promoting substances. The whey and yeast extract substrate was supplemented with cobalt, as cobalt chloride, and the vitamin B12 precursor 5,6-dimethylbenzimidazole in aqueous solutions.
P. shermanii ATCC 13673, a known producer of vitamin B12 capable of using lactose as a carbon source, was used in this study. The vitamin B12 content of the fermentation material was determined by use of a modified USP microbiological assay technique (1), with L. leichmannii ATCC 7890 as the test organism.
Lactose in the whey and fermented whey was determined by use of an anthrone method suitable for use with milk (2, 3).
The fermentations were carried out in 1.5 liters of medium in 2-liter flasks closed with rubber stoppers fitted with a glass capillary sparger and an outlet tubing plugged with cotton. The flasks were joined in series and attached to the carbon dioxide source (Fig. 1) . Pure carbon dioxide was added to all cultures for the first half of the fermentation. The cultures were incubated at 29 C for 168 hr. Although the flasks were not shaken, the addition of gases produced some agitation of the cultures.
A 10% (v/v) inoculum of P. shermanii was used for each flask. Since the organism produces propionic acid, the pH was adjusted each day to the pH range of 6.5 to 7.5 with 5 N ammonium hydroxide. In addition to controlling pH, the nitrogen of the ammonium hydroxide was available to the organism for growth. Foaming was controlled by the aseptic addition of six drops of a sterile 1:3 aqueous dilution of a food grade silicone defoamer (antifoam "C," Dow Corning Corp., Midland, Mich.) to each flask.
The experiment was set up as a completely randomized block design of a factorial type (3 X 3 X 2) with three levels of whey solids, three levels of yeast extract, and two replications. The levels of whey solids used were 6, 8, and 10%, and those of yeast extract were 0.5, 1.0, and 1.5%lc. The additions 48 hr apart. Carbon dioxide was added to the cultures during the first 84 hr of incubation to insure anaerobiosis. Beginning at 84 hr after inoculation, the cultures were sparged with air at the rate of 200 ml per min per liter of medium for an additional 84 hr.
RESULTS AND DISCUSSION
The proper level of yeast extract for a given level of whey solids was critical (Table 1) . With 6% whey solids, 0.5% yeast extract was adequate. The higher levels of yeast extract (1.0 and 1.5%) did not give higher yields of vitamin B12 when used with 6% whey than did 0.5% yeast extract. With 8% whey solids, both 1 was very small. However, the interaction between per cent whey and replications was significant, with no apparent biochemical explanation, even though the individual effects of whey and replications, or the combination of whey, yeast extract, and replications, were all nonsignificant.
Lactose utilization by the organism was determined (Table 2) . With 6 and 8% whey, almost all of the lactose was used by the organism. With these two levels of whey, less than 1% of the lactose remained at 168 hr after inoculation. A greater amount of lactose remained when 10% whey was used. Within the 10% level of whey, the greatest amount of lactose (2.34%) remained with 0.5% yeast extract, and the lowest amount (1.48%) with the 1.5% yeast extract.
The results of this study show that whey and yeast extract contain the necessary materials for growth and vitaniin B12 production by P. shermanii. However, it is necessary to use the proper ratio of yeast extract to whey to obtain maximal yields.
